Clinical outcomes of patients with chronic heart failure (CHF) have improved, but evidence-based treatment appears to be imbalanced depending on patients' and physicians' gender. We aimed to determine the interactions of gender with medical treatment of CHF.
Introduction
Chronic heart failure (CHF) imposes an increasing burden to healthcare systems, with a rising prevalence, especially in the ageing populations of Western industrialized countries. 1 Clinical outcomes of patients with CHF have improved in recent years, but use of evidence-based treatments appears to be imbalanced according to the gender of the patient. In female patients, a decreased use of coronary angiograms and implantation of cardiac devices such as implantable cardioverter defibrillators or biventricular pacemakers has been reported. 2 -4 Gender-related differences in medical treatment of CHF could influence survival of male compared with female patients. 5 The gender of the treating physician, as well as the interaction of patients' and physicians' gender, could be important factors in optimal medical treatment.
Perception and interpretation of clinical symptoms, and also ambitions of skill enhancement and knowledge about latest guidelines, might be different in male and female physicians. In addition, time available for education is likely to be different according to gender-related responsibilities such as supporting family, for example. Thus, we hypothesize that physicians' gender plays an important role in guideline adherence of drug treatment for CHF.
Methods

Study population
Consecutive patients (n ¼ 1857) with CHF were evaluated between March and November 2006 in centres in eastern Germany; all patients were included in an observational cross-sectional trial evaluating drug treatment of CHF. Baseline data, which included co-morbidities, New York Heart Association (NYHA) classification, current medical treatment, and vital parameters, were documented by 829 physicians (65.3% general practitioners, 27.6% internists, 7.1% cardiologists). Data were analysed with regard to evidence-based drug treatments to improve survival, such as ACE-inhibitors (ACE-Is), angiotensinreceptor blockers (ARBs), and beta-blockers. Dosages of ACE-I and beta-blockers were calculated as a percentage of the guidelinerecommended doses for the treatment of CHF. 6 Physicians' gender, age, and some professional details were also documented. The investigation conforms with the principles outlined in the Declaration of Helsinki and national medical law. 7 
Statistical analysis
All data are expressed as mean + SD. Statistical significance was assumed at a P-level ,0.05. Inter-group differences were assessed with the two-sided Pearson x 2 test for categorical and the Student's t-test for continuous variables with SPSS 15.0 w . A multivariable linear analysis was performed to determine the association between patients' and physicians' gender (independent variables) and use of ACE-I and beta-blockers as the dependent variable. Possible confounders included in the model were hypertension, coronary heart disease, NYHA classification, current use of either ACE-I/ARB or betablockers, and specialization of physicians as categorical and age of patients, time since medical board examination, and left ventricular ejection fraction as continuous variables. Renal insufficiency was added as a confounder in the analysis with ACE-I/ARB as the dependent variable; current chronic obstructive pulmonary disease was added as a confounder in the analysis with beta-blockers as the dependent variable. The interaction of patients' and physicians' gender was applied to the statistical model to account for any possible influences. Patients with missing values were not included in the statistical analysis.
Results
Baseline characteristics of patients are shown in Table 1 . There was no gender-related difference in specialization of physicians (63.2% male vs. 68.0% female general practitioners, n.s.; 29.0% male vs. 25.7% female internists, n.s.; 7.8% male vs. 6.2% female cardiologists, n.s.). Duration since medical board examination was comparable for both genders (male 23.9 + 9.1 years and female 23.5 + 8.8 years, n.s.).
Treatment with an ACE-I or ARB was present in 80.4% of the patients (72.5% ACE-I, 4.3% ARB, 3.6% ACE-I þ ARB), whereas treatment with beta-blockers was documented in 69.9% of the patients. Usage of ACE-Is or ARBs was significantly higher in male compared with female patients (P ¼ 0.021), and recommended dosages also tended to be higher in male patients (P ¼ 0.058). There was no difference in use or dosage in patients treated by a male or female physician (n.s.). Male patients tended to receive more beta-blockers (P ¼ 0.075) with significantly higher doses (P ¼ 0.021), compared with female patients. There was no difference in dosing between the genders of treating physicians. Use of beta-blockers tended to be higher in patients treated by a female physician (P ¼ 0.054).
Treatment and dosing of ACE-Is/ARBs and beta-blockers related to patients' and physicians' gender are presented in Figure 1 . The use of ACE-Is or ARBs was significantly lower in female patients treated by a male physician compared with male patients treated by either a female or male physician. Dosage of ACE-Is or ARBs was highest in male patients treated by a female physician and was significantly different from the reverse gender combination (female patientsmale physician). Beta-blocker use was highest in male patients treated by a female physician, compared with other possible combinations. Dosage of beta-blockers was comparable in male patients irrespective of physicians' gender, whereas female patients treated by a male physician received lowest doses. Multivariable linear analysis adjusted for gender of patients and physicians, age of patients, time since medical board examination, physicians specialization, ejection fraction, NYHA classification, hypertension, coronary heart disease, renal insufficiency, chronic obstructive pulmonary disease as well as the interaction of patients' and physicians' gender, and either current use of ACE-I/ARBs or betablockers revealed physicians' gender as well as the interaction of physicians' and patients' gender as an independent predictor in patients with CHF for receiving a beta-blocker ( Table 2) . Use of ACE-Is or ARBs was not dependent on physicians' gender in multivariable analysis (95% confidence interval 20.174 to 0.225, P ¼ 0.802).
Discussion
The outcome of patients with CHF has improved over the last two decades in parallel with the increased use of evidenced-based medical treatment with ACE-Is, ARBs, and beta-blockers. 8 -11 The results of the present study demonstrate good medical treatment of patients with CHF, compared with previous registries in heart failure populations. 12, 13 About 80% of the patients received an ACE-I or ARB, and 2-5% a combination thereof. Almost 70% of the patients were treated with a beta-blocker, which is higher than in some previous studies, but comparable with the most recent heart failure trials. 14 -16 Although adherence to guidelines is an important predictor of outcome in CHF, the actual dosages of ACE-Is or beta-blockers used has a major impact on mortality and morbidity of patients. 13, 17 Relatively high doses, as derived from clinical trials of ACE-Is/ARBs and beta-blockers, are recommended. 18 The results of the present study demonstrate underutilization of evidence-based drug treatment, with only half of the patients being treated with sufficient doses of an ACE-I and only every fourth patient being treated with the recommended dose of a beta-blocker. Male patients with CHF are more likely to receive evidencebased drug treatment than females. This result was significant for prescription of ACE-Is and dosage of beta-blockers. This finding is in line with the results of previous studies, e.g. in patients with myocardial infarction, showing different drug treatments according to patients' gender. 3 In female patients, symptoms of coronary heart disease were significantly more often misinterpreted than in male patients. One reason for this could be a physician-related shift of symptoms from organic to psychogenic origin, especially when symptoms are dependent on psychologically stressful situations. 19 Interestingly, underutilization of cardiovascular drugs in female patients with CHF is not suggested to influence clinical outcome, which might be explained by a generally lower risk of fatal or non-fatal outcome in women. 20, 21 Similar to patients' gender, physicians' gender was also shown to influence drug treatment in patients with heart failure. The present study demonstrated for the first time that drug treatment is more complete when female physicians are taking care of the patients. Female physicians did not treat male or female patients differently with regard to the use and the dosage of ACE-Is or ARBs. Use of beta-blockers was more frequent in male than in female patients, but dosage was not different. In contrast, male physicians favoured male patients for both prescription and dosage. A female patient was likely to receive the worst medical treatment from a male physician, whereas male patients were best treated by a female physician. In multivariable analysis adjusted for co-morbidities, but also possible physician's confounders such as time since medical board examination, female gender of physicians was an independent predictor of use of beta-blockers.
Previous studies have shown that female physicians emphasize patients' needs and opinion and encourage questions and cooperation from their patients more effectively than male physicians. 22 Female physicians are more likely to talk about psychosocial issues and probably conduct a more detailed analysis of the patients' condition, which could potentially improve drug treatment, although interestingly time spent with patients is comparable for male and female physicians. 23, 24 In addition, female physicians are more likely to work part-time due to family commitments; part-time workers have been shown to be more productive per time unit and to achieve better patient satisfaction. 25 Thus, evaluation of clinical symptoms and consecutive adjustment of medical treatment might be superior in patients treated by a female physician due to the different social communication styles. In addition, female physicians have been reported to be more satisfied with their patient relationships. 26 
Strengths and limitations
There was no difference with regard to specialism or duration since medical board examination in univariate analysis between female and male physicians confounding the presented results. Moreover, baseline characteristics of patients were comparable between those treated by a female or male physician, particularly with respect to heart failure symptoms and co-morbidities. Thus, a selection bias of patients' distribution is not likely and could be excluded in the multivariable analysis. However, the number of patients with hypertension was higher in the group treated by female physicians. This might have had an influence on drug treatment in the univariate analysis. Hypertension was included in the multivariate model as a possible confounder, thus without effects on multivariate results. Guideline-recommended treatment in this study was for chronic systolic heart failure. However, some of our patients may have had diastolic heart failure, especially in view of the high prevalence of hypertension. However, echocardiographic data on mitral flow and E/A or E/E' ratio were not available, thus the presence of diastolic heart failure could not be established. In addition, there is currently no consensus about the definition of preserved left ventricular function, which further frustrates the diagnosis of diastolic heart failure. In univariate analysis of the data presented, unknown diastolic heart failure might have influenced the medical treatment decisions of the physicians. However, this limitation is only likely to have played a minor role, because distribution of patients with diastolic heart failure is likely to be comparable within all of the subgroups analysed. Moreover, in the multivariate analysis, left ventricular ejection fraction was included as a confounding variable, thus it is suggested that the results are independent of diastolic heart failure.
This study was conducted in Germany, thus results cannot be transferred to other countries and other healthcare systems. Moreover, the trial was conducted within an observational survey of evidence-based treatment of heart failure. Thus, physicians taking part in the study may be more likely to treat their patients according to recent guidelines; hence results may overestimate the overall treatment of patients. This limitation also applies to patient selection, which was up to the treating physician. However, these confounders are not likely to have had a major influence on the results, in view of the high number of physicians taking part. Multivariable regression analysis was performed to determine association of patients' and physicians' gender (independent variables) and use of ACE-I and beta-blockers as the dependent variable. Possible confounders were included in the model: hypertension, coronary heart disease, NYHA classification, current use of either ACE-I/ARB or beta-blockers, renal insufficiency, current chronic obstructive pulmonary diseases as well as the interaction of patients' and physicians' gender and specialization of physicians as categorical and age of patient, time since medical board examination and left ventricular ejection fraction as continuous variables. COPD, chronic obstructive pulmonary disease. Prescription of beta-blockers.
Conclusions
The intensity of guideline-recommended treatment of CHF is influenced by physicians' and patients' gender. Physicians should be aware of this problem in order to avoid bias in the treatment of these patients. Further studies are required to provide a detailed explanation of this phenomenon.
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